certain utilities (newly laid pipelines with a suitable radius through which the measurement system 126 can travel). Table 1 lists the technologies used for utility mapping. In this paper, we focus on GPR 127 due to its popularity in underground utility mapping [4] and on a gyroscope-based system as it is not 128 limited by the depth of the pipeline, by nearby other utilities or by electromagnetic disturbances [ At present, GPR seems to be paramount importance for mapping the underground utilities.
different applications might use data at different levels of accuracy. Hence, we need an ideally 3D utility 291 data model to support mapping procedures and control accuracy of underground utility network data. On the basis of their discussion and the situation of Singapore, it is necessary to register the 293 utility segments as the legal objects in the land administration system, which helps to identify the 294 ownership of underground utility. An integral approach needs to be developed based on legislative 295 and technology solutions. It is essential to establish a degree of reliability and consistency between 296 data produced by different service providers. It is essential to standardize the practices regarding the 297 use of those techniques and various information management. In the underground utility data model, 298 land parcel, as an important role in the land administration, should be connected to the underground 299 utility networks [16, 35] . 
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